It is perhaps human nature to seek order in everything that surrounds us. With the number of individual viral particles in the biosphere considerably exceeding that of their hosts (33) , the virosphere-or the viral universe, if you wish-shares this quest. In fact, the number of viruses is so high that the entire tree of cellular life, from its roots to the tips of its branches, seems to be immersed in the sea of viruses (5) . The attempt to bring order to the virosphere is manifested in the work carried out by the International Committee on Taxonomy of Viruses (ICTV) (9) , an official body consisting of numerous experts in the field of virology. The ICTV currently recognizes the hierarchical levels of order, family, subfamily, genus, and species. The dominant (but not exclusive) demarcation criterion employed to delineate viruses into different taxonomic levels is sequence comparison, the main advantage of which is the quantitative reflection of the divergence between taxa. Virus origin and evolution are issues that have never ceased to fascinate biologists and are currently highly debated (see recent studies, e.g., references 11-13, 16, 18-19, 21, 23, 27, and 34) . Unfortunately, sequence comparisons do not reach far enough to recognize the relationships between viruses that diversified further back in time while leaving no detectable signal at the sequence level. However, new information, coming mainly from structural studies, might help us (i) to reveal deeper evolutionary connections between viruses that were not previously considered to be related and (ii) to establish biologically relevant higher levels of virus classification, thereby bringing additional biology to taxonomy.
Extensive horizontal gene transfer has had an immense impact on the evolution of viruses, with the result that their genomes are mosaics of genes with distinct evolutionary histories (10, 14) . Such genetic mosaicism complicates the reconstruction of the evolutionary relationships for distantly related viruses to the point that it becomes impossible to infer a single phylogeny that would represent the evolution of all or even most of the genes in these viral genomes. The two most obvious solutions to this problem are (i) to represent the evolution of viruses using network-like diagrams that capture the dynamics of the reticulate relationships between viral genomes (26) and (ii) to select a set of viral genes that reflect properties identifying a biological object as a virus and to consider all horizontal gene transfer events to be relative to this selected gene set, which is inherited vertically (5) . The disadvantage of the first approach is that it relies on sequence comparisons and therefore fails to recognize relationships between viruses that diverged further back in time. Furthermore, such representation masks the signal of vertical inheritance in viral genomes. In this commentary, we advocate the second of the two approaches and argue that deep evolutionary connections between viruses can be traced by a careful analysis of the architectural principles of the virions. We provide two examples of potential higher-level viral taxons. What the nomenclature for such a taxon would be is a matter of debate, but we have used the term (viral) lineage.
Inclusion in a lineage would be dependent less on sequence similarity or common gene content and more on the structural characteristics of the virion. It is therefore important to discuss why virion structure is considered a more relevant criterion for higher-level virus classification than, e.g., genome replication or transcription apparatuses. (i) The capacity to build a viral capsid is the sole characteristic which distinguishes viruses from other genetic elements, such as plasmids. A good illustration of this point is the comparison between porcine circovirus 1 (PCV1; GenBank accession number AY660574) and the Helicobacter pylori plasmid pAL236-5 (GenBank accession number HM125989), which both possess a minimal number of genes required for their propagation (two and one, respectively) (Fig. 1 ). Both genetic elements encode rolling-circle replication initiation proteins, but only PCV1 encodes a capsid protein and forms a virion. Even skeptics will perhaps admit that it is the capsid that makes PCV1 a virus (Fig. 1) . The same logic is certainly also applicable to more complex viruses, a prerequisite condition for a more universal higher-level classification scheme. (ii) There is a vast amount of evidence indicating that viruses can exchange genes for genome replication proteins horizontally, not only with other mobile elements but also with cellular organisms (14, 22, 25, 35) . For example, tailed double-stranded DNA (dsDNA) viruses of bacteria utilize a plethora of nonhomologous proteins for their genome replication ( Fig. 2) (35) , while archaeal viruses on multiple occasions captured the genes for replicative minichromosome maintenance (MCM) helicases from their hosts, as reported recently (25) . Tracing the evolution and descent of these viral functions is nevertheless of great value and interest, since it sheds light on the evolutionary dynamics in the virosphere and allows us to comprehend the magnitude of genetic exchange between viruses and other genetic elements, be they cellular chromosomes or plasmids (19) . However, if we prefer a more biologically relevant higher-level virus classification, we should probably consider putting more weight on the viral functions responsible for virion construction than on those involved in genetic processes and virus-host interactions (21) .
One of the examples of viral lineages is the one uniting large dsDNA viruses that utilize double ␤-barrel major capsid proteins (MCPs) to build their virions (Fig. 3) . The architectural principles common to all these viruses have been recently reviewed elsewhere (23) . This lineage includes viruses infecting hosts from all three domains of cellular life. The monophyletic origin for the majority of the eukaryote-infecting members of the lineage has been firmly established using sequence-based approaches (7, 15, 20) . This assemblage of eukaryotic viruses is referred to as nucleocytoplasmic large DNA viruses (NCLDVs) (15) . A number of structural studies of individual NCLDVs have complemented the sequence-based analyses, further supporting the common origin for these viruses (7, 28, (37) (38) . Structural and biochemical analyses revealed that other viruses, infecting not only eukaryotes but also bacteria and archaea, utilize architectural principles (from the same structural fold of the MCPs to common capsid assembly and genome packaging) very similar to those for NCLDVs (1, 3, 17, (31) (32) . The extent of similarity in virion organization of these viruses (Fig. 3) leaves no room for the possibility of convergence (23) , suggesting that the common features were inherited from a common viral ancestor. This lineage currently is composed of nine officially recognized virus families and three additional viruses that have not been yet assigned to a family (Fig. 3) .
Tailed dsDNA viruses of bacteria and archaea and eukaryotic herpesviruses represent yet another example of a viral lineage that unifies viruses from several different families, infecting hosts from all three domains of life. The molecular principles of virion assembly and maturation, genome packaging, and virion structure are very similar for these viruses (in some cases not only at the structure level but also at the sequence level), suggesting a common ancestry (4, 6, 8, 24, 30, 36) . A combination of sequence-based (for more closely related viruses) and structural (for more distantly related ones) analyses thus can be utilized to reveal deep evolutionary connections between these viruses. This information can then be used to establish a higher-level taxonomy for viruses that are considered to share an ancestor. Why would it be advantageous to have an additional higher level in virus taxonomy, and how would it move forward our understanding of virus origin and evolution? The grouping of evolutionarily related viruses with hosts from different domains of life indicates that the viral universe is ancient, dating back at least to the last universal common ancestor (LUCA) of the cells. Furthermore, the presence of several distinct viral lineages leads to the conclusion that the LUCA was already infected by several types of viruses (progenitors of current viral lineages), some of which were already rather sophisticated and complex (capable of forming empty procapsids that were subsequently filled with nucleic acids with the aid of virus-encoded packaging NTPases). If so, the contemporary virosphere, which has evolved from a set of viruses that were grazing on the LUCA, is polyphyletic in its origins as opposed to the monophyletic origin of cellular organisms.
The assignment of virus families to lineages would bring a new dimension to viral classification by allowing evolutionarily related viruses, which have diversified beyond recognition by standard sequence-targeted approaches, to be rightfully grouped together. This in turn would bring more order to the virosphere and would more accurately reflect the evolution of viruses rather than the coevolution of viruses with their hosts. Even though the antiquity of viruses is generally appreciated, the current virus classification does not reflect this point. The only exception is the order Caudovirales (tailed dsDNA viruses infecting bacteria and archaea). However, even in this case, the horizontal interdomain spread of tailed dsDNA viruses from bacteria to archaea has been favored to explain the presence of these evolutionarily related viruses in the two cellular domains (29) . The assignment of viruses infecting evolutionarily distant hosts into lineages would therefore unify viruses into a more continuous virosphere and would abrogate the tendency to perceive the viral universe as a diffuse assemblage composed of three distinct groups of noncellular entities, each associated with its own domain of cellular organisms.
It is obvious that not all virus families are equally well covered by structural and functional analyses, nor have we sampled the virosphere extensively enough to be able to place all currently recognized virus families into distinct lineages. In addition, it might prove difficult to find a criterion which could be universally used to assign pleomorphic viruses (e.g., influenza virus) to structure-based higher taxonomic levels (2). These caveats notwithstanding, we are confident that it is time to acknowledge the antiquity of viruses by implementing a higher-level classification scheme that would gradually bring order to the viral universe. 
